In this paper, we report on the results of features in the discovered effect of a strong change in the microwave losses (quenching) in HTS-based coplanar waveguide (CPW) at certain values of the input power P in and direct current (dc) I dc . Two waveguides were studied: CPW-150 and CPW-75, fabricated of epitaxial 150-and 75-nm YBCO films. The insertion loss of CPW IL = 10 lg (P out /P in ) was measured versus both the operating temperature and the bias dc current I dc when a fixed level of the input X-band pulsed MW signal P in was applied. Here P out is the power measured at the CPW output. A pulse duration τ i was 5 μs with pulse repetition period T = 40 μs. Experiments showed a noticeable difference in specific values of I * = I dc corresponding to the P in -dependent quenching phenomenon in CPW-150 and CPW-75. With a weak input signal, the difference in behavior of CPWs is anticipated, i.e., quenching occurs at a lower current for thinner film. For P in > 1 W the situation is opposite, i.e., quenching for CPW-150 takes place at a lower I * . This is explained by stronger microwave heating of CPW-150.
I. INTRODUCTION
S OON after the discovery of high-temperature superconductivity (HTS) [1] the idea of creating MW power limiter using surface resistance R s dependence on input power P in was suggested and some of the first experiments were performed with a planar transmission line [2] , [3] . This approach was originally developed in [4] , [5] . Despite the possibility of constructing such a limiter, serious obstacles were found in the implementation of the concept into practical devices: the difficulty to control the input power handling P in [4] and the instability of planar transmission line upon the transition to a strongly dissipative condition [5] . In [6] it was proposed to control the nonlinear impedance of a coplanar HTS thin film waveguide (CPW) by using dc bias current.
Recently we reported on the effect of a strong change in the microwave losses in HTS-based CPW at certain values of the input power P in and direct current (dc) I dc [7] . A sharp transition of HTS structure into a strongly dissipative state was observed when passing dc through the structure. The 75 and In this paper, we report on the results of studying the new peculiarities in the discovered effect.
II. EXPERIMENTAL DETAILS
The quenching phenomenon was studied in two CPWs: CPW-150 and CPW-75, fabricated of epitaxial 150 nm and 75 nm thick YBCO epitaxial films. The HTS films epitaxially grown by THEVA (Germany) have the characteristics listed in Table I . Microwave studies showed their very good microwave impedance properties [8] .
CPWs were patterned using photolithography. The crosssection dimensions of the structures are a = 0.186 mm, w = 0.1 mm, and h = 0.5 mm (Fig. 1 ). The waveguides are represented by 16.8 mm long straight sections with gold-plated pads, through which the feed-in and read-out of the microwave signal and direct current (dc) transmission were simultaneously measured by using integrated planar bias tees (IPBT). Continuous signal from a magnetron source operated at f = 9.24 GHz, with the output power adjustable in the range of 0 to 13 watts was modulated by the square-wave pulse generator with the following characteristics: pulse duration τ i = 5 μs, the pulse repetition period T = 40 μs (repetition frequency f r = 2.5 × 10 4 Hz). The measured CPW was positioned inside a chamber filled with helium gas and cooled by liquid nitrogen. The insertion loss of CPW, IL = 10 lg (P out /P in ), was studied versus both temperature of the cooled chamber and the bias 1051-8223 © 2016 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information. One can see that at a small P in the plot IL(T ) is monotonic ( Fig. 2(a) ). However, with increasing P in , along with a general increase in CPW-150 losses, the nonmonotonic steps appear in IL(T ). The overall increase in losses is caused by an increase of the surface resistance R s (H ω ) or R s (P ω ) [9] (H ω and P ω are the MW magnetic field amplitude and the power in the CPW). The appearance of these steps can be explained by the formation of thermal domains [10] , [11] and/or the wave reflection from the input and output of the CPW [12] .
The dependence IL(T ) is in CPW-75 is displayed in Fig. 2(b) for several values of P in . Two extremes: minimum and maximum are revealed in each of the curves instead of steps, observed in the case of for CPW-150 (see Fig. 2(a) ). The increase in power leads to a shift of the "maximum pump hump" to the lower temperatures and expanding its top parts.
This dependence changes dramatically when direct current (dc) I dc is passed through the CPW-150 ( Fig. 3(a) ). It's seen that if the values of P in and I dc are fixed, then at a low temperature there is a sharp transition of the CPW into a strongly dissipative state at a certain temperature. The jump in IL is recorded to be of almost three orders of magnitude in the particular case for I dc = 40 mA [7] . Strong switching effect is also revealed for CPW-75 ( Fig. 3(b) ). Avalanche growth of the microwave loss IL, i.e., microwave quenching stimulated by dc, depending on operating temperature is shown in Fig. 4 . The effect can be seen on the IL(I dc ) curves at T = const and different values of P in (Fig. 5 ) and on the IL(P in ) curves at I dc = const (not shown in the figure) . The quenching phenomenon takes place at a certain value of I dc = I * . Fig. 5 shows that I * value decreases with increasing P in . Thus for the quenching process both current components, microwave I ω and dc I dc currents, play a crucial role.
The ratio of dc and MW current densities, J * dc and J ω , triggering the quenching effect, was found in [7] as a function of the input power P in for CPW-150. It was shown, the maximum value of the sum of the current densities J dc and J ω always remains below the value of the threshold density of the critical current J c = 3.6 × 10 6 A/cm 2 for CPW-150. This fact can be understood by assuming additivity of the effects at direct and microwave currents in the transmission line. At the same time, if we assume (for simplicity) homogeneous current distribution in the cross section of the central strip of the CPW, it would be expected that the sum J * dc + J ω is independent of P in . However, the sum J * dc + J ω varies depending on the input power, while remaining less than the critical current density (Fig. 6) . The important role of the heat effects in the observed feature is confirmed by not only peculiarities, pointed in Fig. 6 , but by a stronger response of the resistive transition in the CPW-150 compared with weak response in the CPW-75 (it is not shown here) as well. Using of the magnetic flux flow effects in the explanation of the observed feature is reasonable because the current density at the edges of the central CPW line is always higher the critical current density as the result of inhomogeneous current redistribution in superconducting structure [13] . However, we do not know the exact physical phenomenon of the additional strong nonlinear effect inclusion with passing the dc through the structure. In other words, the mechanism of the "a trigger hook" is unknown.
One of the possible explanations could be describing based on known peak-effect, which appears as in the case of dc [14] , [15] as in the microwave current [16] , [17] . At the same time, we should note, that our investigations were carried out in the absence of dc magnetic field in difference with [16] , [17] . The authors hope that the nature of the observed effect will become clear in the course of further research, including study in dc magnetic field.
It is reasonable to compare behavior of both dc-biased CPWs as a function of P in . Fig. 6(a) shows noticeable and unexpected to some extent difference in recorded dependences of a specific values of I * = I dc corresponding to the quenching phenomenon as a function of P in for CPW-150 and CPW-75.
At weak input signal the difference in behavior of CPWs is anticipated, i.e., quenching occurs at a lower current for thinner film. However for P in > 1 W situation is opposite, the quenching for CPW-150 takes place at a lower I * .
This behavior can be explained by stronger microwave heating of CPW-150. We can suppose, the transition occurs at lower powers in CPW-150 because the heat accumulated during a pulse in CPW-150 per unit of the film-substrate interface is larger than that accumulated in CPW-75 while the thermal resistance of the interface is the same [18] . This explains why the sum of current densities J * dc + J ω as a function of P in , which determines the quenching effect, is lower for the thicker film structure, namely for CPW-150 (see Fig. 6(b) ).
IV. CONCLUSION
In this paper, we report on the behavior of the earlier discovered effect of microwave quenching in dc-biased HTS coplanar waveguide (CPW). This phenomenon was studied in two CPWs fabricated of epitaxial 150 nm and 75 nm YBCO films. In the experiments, the insertion loss of CPW was measured versus both temperature of the cooled chamber and the bias dc current I dc when a fixed level of the input X-band pulsed MW signal P in was applied. Experiments showed a noticeable and in some extent unexpected difference in the observed dependence of the specific value of I * = I dc corresponding to the quenching phenomenon as a function of P in for the waveguides. With a weak input signal the difference in behavior of CPWs is anticipated, i.e., quenching occurs at a lower current for thinner film. However for P in > 1 W situation is opposite, the quenching for CPW-150 takes place at a lower I * . This is explained by stronger microwave heating of CPW-150.
